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RAM  Launching  System  EX  43 
HIM  1 16A  Missile 
MX  36  RocXet  Motor 
Impingement  Tests 


Ablative  Materials 
Eire  Retardant  Foam 
Eire  Retardant  Resin 


.  e  v<  e  '•  e#  ar  t  •  rfee  "N  Hat* 


The  test  program  described  in  this  report  was  designed  to: (1)  invest iqat« 
the  severity  of  EX  4)  launcher  and  ship  damage  caused  by  exhaust  blast  during 
flyaway  and  inadvertant  restrained  RIM  116A  mssile  firings  and  (2)  investi¬ 
gate  and  reeossnend  the  type  and  amount  of  suitable  protective  materials  re¬ 
quired  to  prevent  degradation  in  the  impinqement  area.  The  four  materials 
tested  in  the  last  phase  of  this  program  have  been  rmcoouended  for  further 
qualification  testing  for  survivability  in  a  simulated  shipboard  environment .A 


DO  ’.r,  14731  ro«*«o*  o*  i  nov  ««  -i  oiicit  *f 


4 


UNCLASSIFIED  *  f  ' 


UCu»>fv  Cl  •  *»©••  o*  twit  »*of  •*•** 


fORKWORD 


The  invest igat ion  and  test  series  reported  herein  were  conducted  by 
the  Naval  Surface  Weapons  Center  (NSVA'i  and  were  supported  by  the  Naval  Sea 
Systems  Command  (NAVSEAI  under  SEATASK  404-50015-009- 1-S0167  of  June  1979. 

This  report  was  reviewed  by  C.  W.  Brandts.  Head.  Programs  Branch:  and 
R.  J.  Arthur,  Head,  Missile  Systems  Division. 


Assistant  for  Weapons  Systems 
Weapons  Systems  Department 


iii 


ACK  NOW  LEDG  EHH<T 


The  author  acknowledges  with  appreciation  the  assistance  and  cooperation 
received  from  members  of  other  NSkC  departments  who  were  involved  in  the 
successful  completion  of  this  testing  program.  Key  contributors*  were 


Mr.  L.  P.  Anderson,  Jr.  N43 

Mr.  T.  R.  Burgess  N43 

Dr.  0.  M.  Dengel  R22 

Mr.  C.  Gotzmer ,  Jr.  R21 

Mr.  J.  B.  Henderson  N4  3 

Mr.  R.  0.  Knight  N43 

Dr.  G.  R.  Monte  N43 

Mr.  F .  L.  Needham  N43 

Mr .  C.  L.  Willett  N43 


•  Members  are  not  necessarily  listed  in  the  order  of  their  contribution  to 
the  program. 


v 


CONTENTS 

Pag* 

SIMM  ARY .  1 

INTRODUCTION  .  2 

BACKGROUND  .  4 

TEST  DESCRIPTION .  5 

MATERIAL  CHARACTERISTICS  .  19 

CONCLUSIONS .  21 

RECOMMOOATIONS .  22 

NEW  MATERIALS .  25 

APPQ©  IXES 

A  — SELECTED  MATERIALS,  BEFORE  A>»  AFTER  FIRINGS .  A- 1 

B-- CONTOUR  PLOTS  OF  AMATIVE  MATERIAL  RESULTS .  B- 1 

DISTRIBUTION 


v  1 1 


St  WHAN  Y 


The  test  program  described  in  this  report  was  designed  to  (1)  investigate 
the  severity  of  EX  43  launcher  and  ship  damage  caused  by  exhaust  blast  during 
flyaway  and  inadvertant  restrained  HIM  116A  missile  firings  and  (2)  investigate 
and  recommend  the  type  and  amount  of  suitable  protective  materials  required 
to  prevent  degradation  *n  the  impingement  area. 

The  program  was  conducted  in  three  phases: 

1.  Phase  I • — An  oxy-actey lene  torch  flame  that  impinged  on  the  various 
samples  American  Society  for  Testing  of  Materials  (ASTM)  Designation 
Ei35-6ST  was  used  in  a  screening  process  to  eliminate  unsuitable  pro¬ 
tective  materials.  This  test  was  considered  less  severe  than  the  actual 
motor  blast;  thus,  it  won  Id  not  eliminate  useable  candidates  frcxn  con¬ 
sideration.  Fifteen  different  materials,  which  offered  some  possibility 
of  surviving  the  rocket  motor  plume,  were  selected  as  candidates  for 
Phase  II. 

* .  Phase  II--I.arger  samples  of  the  IS  materials  selected  by  Phase  I 
were  tested  using  the  Mx  36  rocket  rmnor  blast.  Phase  III  consisted 
of  additional  firings,  restrained  and  flyaway,  against  12  inch  (30.5  cm) 

by  12  inch  (30.5  cm'  samples. 

3.  Four  materials  were  tested  with  the  Mk  36  rocket  motors  simulating 
a  restrained  condition  during  the  initial  portions  of  Phase  III.  Actual 
flyaway  firings  f r  nm  a  laun-hing  rail  were  conducted  against  two  materials 
in  the  final  pnrtion  of  Phase  III. 

The  criteria  jsed  to  evaluate  the  candidate  materials  follow:  resistance 
to  rocket  motor  flats*  erosion,  weathering  capabilities  and  durability  under 
normal  traffic  conditions,  ease  of  application  and  r epa l r abi 1 i ty ,  and  avail¬ 
ability  and  cost  effectiveness  of  materials.  The  four  materials  tested  in 
Phase  III  have  been  recommended  for  further  qualification  testing  for  surviv¬ 
ability  in  a  simulated  shipboard  environment. 

Shipboard  environment  (sun,  wind,  sea  water,  freezing  and  thawing,  etc.) 
and  normal  everyday  traffic  (testing,  maintenance,  overhaul,  and  general) 
will  have  a  deteriorating  effect  on  any  protective  material  used  on  the  launcher 
base  or  ship  structure.  Consequently,  a  series  of  tests  are  to  be  conducted 
to  measure  water  absorption,  adhesion,  vibration,  shock,  thermal  expansion, 
etc.  Firing  tests  will  be  conducted  against  the  material  after  soaking  it 
in  salt  water  to  determine  whether  it  will  spall  or  separate  explosively 
as  a  result  of  water  expansion  or  stream  pressure  generated  by  the  exhaust 
heating.  Results  will  be  reported  upon  completion  of  these  tests. 

•  The  details  of  the  Phase  I  testing  are  included  in  William  H.  Barbour 
and  Ottmar  Dengel,  Ah.ative  Properties  of  Blast  Protection  Materials,  Naval 
Surface  Weapons  Center  Technical  Report  NSVA'  TR  79-409,  Dahlgren,  VA,  (to 
be  published). 
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INTRODUCTION 


The  RAM  Launching  System  EX  43  (RAM  LS  EX  43)  is  designed  (Figures  1 
and  2)  so  that,  depending  on  the  elevation,  the  nozzles  of  the  missiles  while 
stowed  in  the  launcher  guide  are  within  6  to  12  in.  (15  to  30  cm)  of  the 
launcher  hase,  or  they  are  as  close  as  36  in.  (91  cm)  to  the  ship  deck. 

It  is  recognized  that  rocket  motor  exhaust  plume  impingement  is  a  ma)or  de¬ 
sign  consideration  of  all  missile  launching  systems.  Even  though  this  pro¬ 
gram  was  directed  at  satisfying  the  RAM  LS  EX  43  requirements,  the  data  are 
considered  applicable  to  all  systems  using  the  Mk  36  rocket  motor. 
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Figure  1.  RAM  Launcher,  Side  View 
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Figure  2.  RAM  Launcher,  Rear  View 


During  the  selection  of  the  ablative  materials  to  be  tested,  many  can¬ 
didates  were  found  that  could  be  utilized  for  protection  from  extreme  heat. 
However,  high  temperature  is  only  part  of  the  problem.  The  aluminum  contained 
in  the  very  high-velocity  rocket  motor  qases  compounds  the  errosive  effects 
of  the  high-temperature  gas  flow. 

A  search  was  conducted  to  locate  materials  that  could  withstand  rocket 
motor  blast  conditions.  Samples  of  candidate  materials  ,4  x  4  x  0.125  in. 

(10  x  10  x  0.32  cm)]  were  used  in  an  initial  oxy-acetylene  screening  test 
(Phase  I).  Cost  and  absence  of  asbestos  [Occupational  Safety  and  Health 
Administration  (OSHA)  regulations  were  also  considerations.  Materials  for 
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the  final  rocket  motor  blast  tests  (Phase  2  1)  were  selected  from  this  initial 
screening  base.)  >n  erosion  rites  and  observations  by  test  personnel  relative 
to  other  types  of  failures. 

To  broaden  the  field  of  test  results,  and  to  achieve  some  correlation 
to  previous  test  programs,  materials  tested  at  Hedstone  Arsenal  during  the 
MX  56  rocket  motor  tests  were  provided  (NSWC,  N41)  and  were  include!  in  the 
Phase  lit  series  of  tests.  Control  '.amples  were  selected  from  materials 
currently  being  used,  or  recommenled  for  use,  in  other  missile  systems. 

Companies  producing  these  selected  materials  were  contacted  and  samples  [l 2 
x  12  x  1  in.  (10  x  10  x  2.5  cm)]  were  purchased  for  testing  (Phase  III)  in 
the  MX  16  rocket  motor  plume. 

Holding  stands  for  the  rocket  motor  and  for  the  materials  were  constructed 
(the  latter  coul!  tx*  varied  for  both  distance  from  the  rocket  motor  and  im¬ 
pingement  angle).  The  backplate  to  support  the  samples  in!  to  simulate  the 
deck  surface  and  launcher  io  ?e  was  0.75  in.  ( 1 .  cm)-*hick  6061  aluminum. 
Simulated  launcher  tubes  were  -onstruct«d  an!  were  use)  to  assess  the  effects 
of  inadvertant  restrained  firings  both  in  the  fired  tube  and  the  adjacent  tufies. 

Oita  were  accumulated  to  compare  the  temperature,  pressure  sustained, 
overall  material  lor.*,  and  lepth  of  maximum  jmnetratran  for  the  samples. 
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The  exhaust  pr  iperties  if  the  MX  16  picket  motor  and  the  probable  blast 
erosion  l.amaje  to  the  LS  EX  4 )  and  ship-associated  equipment  are  noted  below 
to  provide  .-ickground  for  the  series  of  tests  conducted  and  documented  by 
this  report. 

The  MX  16  r  x'Xet  motor  ise g  m  the  RAM  missile  is  basically  the  same 
motor  as  that  use  l  in  the  SIDEWINDER  missile.  Although  modifications  were 
-  a  )e  to  the  :  x-Xe*  mt-'r  ise,  the  propellant  and  nozzle  are  unchanged. 

The  rocXet  -voir  plume  -ont  a  ins,  among  other  components,  .  percent  liy  weight 
if  lluminum  ixide  AI.-.0-.)  .  Flyaway  and  restrained  rocket  motor  plumes  can 
be  directed  at  *he  h.ase  of  the  1  a  mcher  and  the  ship  structure,  shipboard 
launchers,  gun  ni  in(  ■ ,  nines,  torpedoes,  and  missiles  or  other  explosive 
tores  <.*.••*  the  launcher.  The  i  -  •  ,*  exhaust,  it  lb 

of  thrust  it  i  pe  ix  temperature  of  5200  F  with  a  burn  time  of  *  sec  and 
with  its  high  A!.i0j  -ontent,  presents  intolerable  effects  on  normal  materials 
used  in  launcher  or  ship  const ruct ion . 

To  ameliorate  this  situation,  a  materials  search,  investigation,  and 
testing  program  were  instituted  to  locate  a  material  that  could  survive  direct 
impingement  of  the  MX  IS  rocket  motor  blast  during  firing. 


*Val  ies  will  be  furnished  by  aithor  on  request. 
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TEST  DESCRIPTION 


The  testa  described  herein  have  been  separated  into  groups  according 
to  the  distance  of  the  ablative  sample  from  the  rocket  motor  noule  and  the 

angle  at  which  the  rocket  plume  impinged  on  the  sample.  The  angles  noted 

were  measured  from  a  plane  perpendicular  to  the  rocket  motor  plume  (Figure  3). 

The  rocket  motor  blast  impingement  angles  and  distances  selected  for  this 
test  were  based  on  situations  that  could  occur  in  normal  elevation  angles 
of  launch: 

1.  The  6  in.  (IS  cm)/90°  condition  would  simulate  a  high-angle  launch 
with  the  motor  exhaust  impinging  on  the  carriage  base  ring. 

2.  The  12  in.  (30  cm)/32.S°  and  36  in.  (91  cm) /60#  conditions  would 
simulate  an  impingement  on  the  launcher  stand  and  the  deck  adjacent 
to  the  launcher  . 

3.  The  36  in./90°  condition  would  simulate  an  impirgement  on  shipboard 
equipment  mounted  in  close  proximity  to  the  launcher. 


o  so 


Figure  3.  Rocket  Motor  Blast  Impingement  Angles 


Figure  4  shows  the  restrained  firing  test  arrangement.  The  material 
holding  plate  was  adjustable  in  both  angle  and  distance.  The  test  materials 
were  subjected  to  a  complete  motor  burn.  Selected  materials,  before  and 
after  firings,  are  shown  in  Appendix  A.  The  test  materials  were  weighed  and 
gauged  for  thickness.  Thermocouples  were  installed  (when  used)  prior  to  the 
firings.  After  completion  of  the  test,  the  materials  were  again  weighed  and 
accurately  gauged  for  thickness.  The  gauging  data  were  used  to  plot  erosion 
contours  for  each  .sample.  These  contours,  together  with  other  pertinent  infor¬ 
mation  on  the  material  type  and  test  conditions,  are  included  in  Appendix  B. 

The  samples  were  gauged  at  1-m.  intervals  in  a  tt*>- 1  imens iona  1  grid.  The 
values  shown  are  measurements  of  the  material  thickness  (in  inches)  remaining 
after  each  test  firing. 

Figure  8  shows  the  flyaway  test  ar r angement .  Tables  1  and  2  contain 
test  results  and  pertinent  data  concerning  restrained  and  flyaway  tests. 

Figure  6  shows  the  various  sizes  of  materials  tested.  Table  1  depicts  the 
relative  performance  of  the  ablative  material  at  impingement  distances  of 
6.0,  12.0,  and  36.0  in.  at  a  90°  impingement  angle.  Data  have  )w*en  normalized 
for  comparison  with  12  x  12  in.  samples  of  Haveg  41-*'!.  Although  these  data 
provide  an  estimate  of  the  performance  of  each  nuterial,  it  is  qualitative 
and  should  be  treate!  as  such.  The  results  of  a  firing  against  a  0.78-in. 

(1.9  cml-thick  6061  aluminum  plate  and  a  1-in.  (2.8  cm)-thick  steel  plate 

are  shown  in  Figures  7  and  8,  respectively.  These  firings  were  conducted 
as  control  samples  to  illustrate  the  need  for  a  protective  covering  for  the 
ship  deck,  the  launcher  area,  and  the  launcher  base  in  the  event  of  an  ignited 
and  restrained  rocket  motor.  The  al  immum  plate  was  burne)  through  m  l"ss 
than  1  sec  (Figure  9  shows  the  burned  steel  plate  with  aluminum  oxide  coating). 

Tests  that  used  simulated  launcher  tubes  (Figure  1 0 i  were  conducted 
to  examine  the  pressure  and  reflected  energy  effects  of  an  inadvertent  firing 
on  the  tiack  end  of  the  guile  and  canister  covers  adjacent  to  the  fired  tube. 
These  tests  were  conducted  with  the  ablative  sample  located  6  in.  (IS. 2  cm) 
from  and  90°  to  the  rocket  motor  nozzle.  The  first  firing  was  made  with 
no  ablative  protection  over  the  fiberglass  launcher  end  plate.  The  second 
firing  was  conducted  with  approximately  1/4  in.  (0.8  cm)  of  tv»w  Corning  material 
93-104  (with  graphite  fiber  coated  over  the  fiberglass  end  plate.  noth 
temperature  and  pressure  were  imnitored  in  each  case. 

Flyaway  tests  were  conducted  to  examine  the  effects  on  the  ablative 
material  of  normal  repeated  firings.  The  ablative  samples  were  located  6  in. 
from  the  rocket  motor  nozzle,  and  four  angles  (90°,  18°,  30°,  and  48°)  were 
chosen  for  each  sample.  The  fire-through  lat'h  spring  of  the  LAU-JA  launching 
rail  was  adjusted  to  .approx imately  800  lb  of  thrust  in  order  to  simulate 
the  EX  31  launching  system  condi*ions.  The  material  was  weighed  after  each 
firing  to  enable  the  erosion  rate  to  be  examined  accurately. 


Pigur*  5.  Flyaway  Launch* 
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Table  1.  Kir  int}  Test  Data;  Restra  in 
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We  nl,| 

Be  f  ore 

Fit  ing 

Lib  u<^ij 
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M  tei 
Firing 

{lb  (fcg)l 

Original 

1 

Lll  m.  | 

Pel  cent 
Weight 

boss 

Mai )».* 

Surf  ace 

Rare. a  ion 

lin.  icmA  ll 
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8 . 40 

7.44 
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16.6 

1 

0.46 

(4.07) 
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17.5 
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(4. IS) 

(1.811 
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(1.05) 

Kevlat 
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(2.881 

S.40 

12.48) 

—  o 

m  o 
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(  54 . 80  I • 

Bu  r  neii  Th| 
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(1.40) 
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(1.11) 

44.8* 

•64. 00 1 • 

But  net)  Th( 
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10.8 

0.41 

FT*-  1 
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(1.551 

(10.00) 

(1.20) 

tX BF. -  ISO 

4.01 

0.06 

... 

0.17 

(...) 

(4. 4S> 

(1.64) 

( - 1 
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HXB-  160 
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10. IS 

0.06 

12.8 

0.42 

(4.7S 

4.60i 

(1.801 

(12.80) 

(1.06) 

41-104  h  Cl  aph  1  •  e 

7.64 

6.40 
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0.24 

1.4» 

(1.12) 

(1.47) 
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(0. 74  ) 
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17.61 
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12. 1 

0.  14 

8.24) 
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(1.00) 

‘.r  T  B.1- 

17.  14 

1S.0S 
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(7.141 

(1.661 

•11.44 

(1.11) 
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( - 1 

Steel  Plate 
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(1.24) 

41-104  W  '.raphite 
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(  15.60)0 
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41-104  «  '.rapture 
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1.48) 

S.  42 
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0.05 
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(1.20)  | 

Haveq  41-N 

4.14 
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Weight 
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Weight 
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Table  1.  Firing 

Or lgtnal 

Dana l ty 

[  1 1  in.  j  it  J 

Teat  Data;  Restrained 

Maa l*o* 

Pat  cent  Surface 

Weight  Recession 

Loss  lc*fl  _  ] 

>6 

in. 

(91.4 

cm) 

at 

4S* 

Haveq  41  N 

9 .  *  4 

8.01 

0.07 

11.10 

0.46 

(4.19 

0.64) 

(1.81) 

(11.10) 

(1.17) 

1* 

m. 

(91.4 

cm) 

at 

60* 

Haveq  41 -N 

8.94 

7.  58 

0.07 

15.20 

0.19 

(4.041 

(1. 44) 

(1.81) 

(15.20) 

(1.00) 

12 

in. 

<10.5 

cm) 

at 
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Foniiu- Fy t  *  MR- 1 

11.20 

9.27 

0.07 

68.80 

Mot  Rval 
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(1.99) 

(68.80) 
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9.24 
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0.07 

20.70 

0.60 
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(20. 70) 

(1.52) 

Fife  Rata:  iant 
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0.06 
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0.56 
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MX  BE-  no 

8.87 
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0.06 

7.60 
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flbli  1.  Firing  Test  Data;  Restrained 
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Test  Data;  Restrained  (Continued) 
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Table  2.  Firing  Test  Data;  Flyaway 


Table  3.  Rocket  Motor  Mk  36  Tests 


Location 

3  ft  (91.4  cm) ,  90 


1  ft  (30.5  cm) ,  90 


0.5  ft  (15.2  cm)  ,  90 


*  Data  are  normalized 
•*  Values  greater  than 


Re  1 ative  Performance 
Material  Mass  Loss*  Recession** 


41-N  (Sample  1) 

1.0 

1.0 

41-N  (Sample  2) 

0.95 

1.11 

Kevlar 

0.30 

Burned  Through 

Dynatherm 

0.17 

Burned  Through 

FR-1 

0.54 

1.07 

MX BE- 350 

— 

1.26 

MXB- 360 

1.28 

1.11 

DC93-104 

0.61 

1.58 

Fondu-Fy re  XB-1 

1.35 

1.18 

German  Material 

1.24 

1.04 

Steel 

2.01 

0.91 

41-N 

1.0 

1.0 

FFWA- 1 

0. 30 

— 

FR-1 

0.76 

1.07 

MX  BE-  3  50 

1.30 

DC93-104 

0.59 

— 

Marty te 

0.26 

Burned  Through 

MX BE- 350 

2.72 

1.29 

HD  KG 

7.13 

3.95 

Steel 

1.15 

1.34 

DC93-104 

0.95 

— 

Hi  tco 

9.78 

’.51 

FR-3 

0.72 

1.17 

41-N 

1.10 

1.00 

FR-2 

1.08 

1.98 

FR-4 

0.91 

1.83 

3D-Quar  tz 

2.09 

2.08 

41-N 

1.0 

1.0 

MXBF- 350 

1.31 

1.38 

FR-1 

0.92 

2.13 

MXB- 360 

2.62 

1.72 

Hi  tco 

0.56 

1.55 

German  Material 

1.24 

1.11 

to  12.0  x  12.0  in.  (30.5  x  30.5  cm)  sample. 
1.0  indicate  better  performance. 
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Figure  7.  Aluminum  Plate  After  Firing;  36  in.  (91.4  cm)  at  90 


Figure  10.  Simulated  I.auncher  Tub*  Arrangement 
6  in.  (IS. 2  cm)  at  90 


MATER  I  Ah  CHARACTERISTICS 


The  materials  tested  and  the  pertinent  information  concerning  each  tollow: 

1.  Haveg  41-N;  Haveg  Industries  Inc.,  Wilmington,  Delaware 

Haveg  41-N  is  a  S 1 1 1 ca- 1 1 1  led  cast  phenolic  composition  that  has  the 
thermal  char acter i st ics  of  an  insulator.  Haveg  41-N  was  developed  as  a  re¬ 
placement  for  Haveg  41  (which  contained  asbestos).  It  produced  a  charred 
eitect  when  exposed  to  a  rocket  motor  blast  and  exhibited  a  very  low  ablation 
rate  in  the  tests  performed.  This  material  is  very  hard,  and  it  is  available 
only  in  preformed  sections. 

2.  MXB-  360;  Kibrite  Corp.,  Winona,  Minnesota 

MXB-360  is  a  phenolic  resin  material  that  contains  silica  filler  and  is 
reinforced  by  continuous  strand,  randcin  oriented.  E-glass  fiber  mat.  It 
has  the  thermal  char  act er i st  ics  of  an  insulator.  This  material  produced 
i  charred  effect  when  exp>  '.ed  to  a  rocket  motor  blast  and  showed  a  very  low 
ablation  rate  in  all  phases  of  the  test.  It  is  a  very  hard  material,  is 
difficult  to  machine,  and  is  available  only  in  preformed  sections. 

3.  MXHE-3r'0;  Fit  rite  Corp.,  Winona,  Minnesota 

MX HE- 3 SO ,  a  spin-off  of  MXB-  360,  is  a  ruhber-modif led  glass  phenolic 
material.  It  exhibits  the  thermal  characteristics  of  an  insulator  and  showed 
a  moderate  ablation  rate  diring  the  rocket  motor  burn.  This  material  is 
also  very  hard  even  though  rubber -modi f led)  and  is  difficult  to  machine. 

It  is  available  only  in  preformed  sections. 

4.  ER-1;  Fiber  Materials  Inc.,  niddoford,  Maine 

FR-1  (fire  retardant)  is  an  ablative  material  and  is  composed  of  silica 
and  phenolic  rer.  in.  The  material  is  also  available  with  carbon  fiber  (designated 
FR-2  in  this  rep  :!  .  It  acts  as  an  insulator  and  produced  a  charred  effect 
when  expose,!  t  i  rocset  n*>t  'i  blast.  This  material  showed  a  relatively 
'.'Tv  ablati  n  rate  in  the  test  performer).  It  is  available  in  preformed  sections, 
in  a  mixture  that  an  be  troweled  onto  a  roughened  surface,  and  in  a  rigid 
f  oam. 

5.  FR-2;  Flier  Materials  Inc.,  Biddeford,  Maine 

FR-2  contains  carbon  fibers  in  lieu  of  the  silica  in  FR-1.  It  is  an 
ablative  material  and  acts  as  an  insulator.  It  produced  a  charred  effect 
when  exposed  t  a  rocket  motor  blast.  This  material  is  available  in  pre¬ 
formed  sections;  in  a  mixture  that  can  be  troweled  onto  a  roughened  surface, 
and  in  a  rigid  foam. 
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6.  FR-3;  Fiber  Materials,  Inc.,  Blddeford,  Maine 

FR-3  is  composed  of  carbon  fiber  preform,  is  resin  impregnated,  and 
is  vacuum  cast.  It  is  an  ablative  material  and  acts  as  an  insulator.  This 
material  showed  a  relatively  low  ablation  rate  and  is  available  only  in  pre¬ 
formed  panels. 

7.  HDFG;  Fiber  Materials  Inc.,  Blddeford,  Maine 

HDFG  is  a  carbon/carbon  composition  with  the  thermal  characteristics 
of  a  conductor.  It  is  a  subliming  type  of  material  and  showed  a  very  low 
sublimation  rate  when  exposed  to  the  rocket  motor  blast.  However,  the  heat 
transfer  coefficient  is  high  and  the  temperature  rise  at  the  mater ial-backplate 
interface  is  undesirable  in  this  application. 

8.  3-D  Quart*;  Fiber  Materials  Inc.,  Blddeford,  Maine 

3-D  Quartz  is  a  three-dimensional  quartz  filament  weave  impregnated 
with  phenolic  resin.  It  is  a  melting  type  ablative  material  and  has  the 
thermal  character ist ics  of  an  insulator.  It  showed  a  very  low  ablation  rate 
when  exposed  to  a  rocket  motor  blast.  The  material  is  very  hard  and  is  availabl 
only  in  preformed  sections. 

9.  Martyte;  Presstite  Products,  Inmot  Corp.,  St.  Louis,  Missouri 

Martyte  is  an  epoxy  cured  resin  filled  with  dried  silica,  and  it  can 
be  applied  by  flouring  or  troweling.  It  has  the  thermal  characteristics  of 
an  insulator  and  exhibited  a  high  ablation  rate  when  exposed  to  a  direct 
rocket  motor  burn. 

10.  Kevlar;  E.  I.  DuPont  de  Nemours  i,  Company 

The  material  tested  is  an  ablative  material  containing  Kevlar  29  cloth 
with  Derakane  510A40  resin,  22  percent  by  weight.  This  material  acts  as 
an  insulator  and  showed  a  high  ablation  rate  with  a  charred  effect  during 
exposure  to  a  direct  rocket  motor  burn. 

11.  Hitco  w/Refrasil;  Hitco,  Defense  Products  Division,  Gardenia,  California 

The  material  tested  contained  30  to  36  percent  resin  by'  weight,  3.3 
percent  volatile  components,  and  laminated  Refrasil  cloth  (the  Refrasil  cloth 
is  a  refractory  silica  in  textile  form).  It  is  an  insulator  and  had  a  very 
low  ablation  rate  during  the  rocket  motor  impingement;  however,  some  delamina¬ 
tion  occurred  when  brought  into  close  proximity  to  the  rocket  motor  nozzle. 

This  material  (as  tested)  is  available  only  in  preformed  sections,  is  very 
hard  and,  is  difficult  to  machine. 

12.  wa-1  (Fondu-Fyre) ;  Designed  Concretes  Co.,  Santa  Fe  Springs,  California 

This  is  an  ablative  concrete  type  of  material  and  acts  as  an  insulator. 

It  ablates  by  a  melting  process  and  has  a  medium  ablation  rate.  WA-1 
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is  normally  used  as  a  base  for  the  XB-1  top  coat.  Fondu-Fyre  can  be  applied 
by  normal  concrete  application  methods. 

13.  XB-1  (Fondu-Fyre) ;  Designed  Concretes  Co.,  Santa  Fe  Springs,  California 

This  material  is  normally  used  as  a  top  coat  for  the  WA-1  and  performs 
as  an  insulator.  This  coatmq  also  ablates  by  a  melting  process  and  showed 
a  low  ablation  rate.  It  can  be  applied  and  smoothed  with  a  trowel  or  float. 

14.  Dynatherm  K-340;  Flamemaster  Corp.,  Sun  Valley,  California 

On  recommendat ion  from  the  manufacturer,  E-340  was  used  in  lieu  of  the 
E-320,  which  was  selected  an  a  result  of  the  intial  screening,  because  of 
the  unfavorable  weathering  characteristics  of  E-320.  E-340  is  a  two-part 

epoxy-based  composition  with  the  thermal  char acter 1 s t i cs  of  an  insulator. 

E-340  proved  to  have  a  high  ablation  rate  when  exposed  to  the  rocket  motor 
blast.  It  can  be  purchased  in  preformed  sections  or  in  a  mixture  to  be  troweled 
on . 

15.  DC93-104;  Dow  Corning  Corp.,  Midland,  Michigan 

DC93-104  is  composed  if  silicone  rubber  with  graphite  fibers  as  a  fill*  r . 

It  exhibited  a  charred  effec'  when  exposed  to  a  rocket  motor  blast.  This 
material  is  vo  insulator  and  showed  a  moderately  high  rate  of  ablation  when 
exposed  to  the  direct  impingement  of  the  rocket  motor  blast.  It  is  a  flexible 
material  and  can  le  troweled  or  sprayed  m .  A  primer  is  recommended  prior 
to  application  to  promote  better  adhesion. 


c  'riAJsiONS 


By  the  program’s  design,  a  process  of  elimination  was  employed  to  select 
four  ablative  materials  for  more  extensive  evaluation.  The  materials  selected 
were  HAVEG  41-N,  Fiber  Materials  Inc.  FR-1,  Fiber ite  Corp.  MXB-360,  and  Dow 
Corning  93-104  with  graphite  fibers.  These  materials  were  subjected  to  a 
series  of  rocket  rm  *  r  impingement  tests,  which  included  various  impingement 
anqles  and  distance;,  fr  r  the  rocket  motor  nozzle  during  restrained  rocket 
motor  burning  and  flyaway  conditions.  Data  were  collected  relative  to  pressure 
on  the  front  face,  temperature  of  the  material  on  the  back  face,  overall 
material  lost,  and  depth  of  the  maximum  penetration  into  the  sample.  These 
data  were  used  to  evaluate  whether  any  one  or  more  of  these  samples  were 
superior  to  the  rest.  An  additional  set  of  criteria  was  used  to  evaluate 
these  four  candidate  materials:  ease  and  cost  of  application,  ease  of  repair, 
weight,  and  cost  per  pound.  The  results  of  this  evaluation  are  given  in 
Table  4. 


21 


Table  4.  Evaluation  of  Phase  III  Candidates 


Meter i a  1 

Me*  imua 

Recess  ion 
Depth 
(X  10)* 

Weight 

21* 

Coet 

Per 

Pound 

(»  4)« 

Be*e  end 

Coet  of 
Appl icet ion 
(* 

Ease 

of 

Mepe  i  r 

Normal li.d 

Havwg  41-N 

10 

0 

10 

3 

See  note 

3 

110 

Fiber  Materiel*  FR- 1 

10 

10 

S 

10 

See  note 

) 

220 

Fibertlte  KXh~  360 

10 

0 

0 

3 

See  note 

3 

172 

Dow  Corning  93-104 

6 

10 

4 

10 

See  note 

3 

104 

*  normalising  Factor  •  The  author*  coneidered  the  importance  of  the  various 

•valuation  factor*  to  be  unequal  in  value;  thu*.  a  not  me  I i i ing  factor  of  *relative 
importance*  was  assigned  to  each  of  t  he  evaluation  factor*  to  achieve  a  nor  - 
maliaed  total. 

mpt* :  evau?  at  i  cm  f*;  tons 

1.  Alt hough  "ease  and  coat  of  application*  i*  eomewhat  subjective  and  dependent 
on  later  pr  .wen  technique*  and  usage,  it  ha*  been  evaluated,  relatively, 

•  long  with  the  other  comparison  factor*  on  a  ecale  of  0  to  10  with  10 
being  the  beat  or  Moat  desirable. 

2.  A*  both  41-N  and  PCI h- HO  are  molded  under  pceaaure  and  elevated  temperature, 
special  Molding  die*  will  be  retired  to  fabricate  the  sect  ion*  to  be 
cemented  to  the  carriage  ttase  ring.  A  simple  Mold- in-place  procedure 

i*  deacrlbed  in  the  RBCtRttlOttATl  ON  eeot  ion  of  thl*  report  for  fabrication 
of  the  FT!- 1  section*.  TT.  l  •  factor  wa*  cnnaidered  in  the  evaluation  of 
*eaee  and  coet  of  application*. 

J.  Any  of  the  Materials  can  be  repaired,  at  least  on  a  temporary  baais,  with 

•  3-104;  and  4 IN ,  FR- 1 .  and  PCI!*-  140  car  be  repaired  on  a  relatively  permanent 

ba*i*  with  FP  1.  T^u*.  the  value*  assigned  for  *eaee  of  repair*  are  con¬ 

sidered  equal  for  all  four  materials. 


A  subsequent  series  of  tests  will  he  run,  and  will  be  documented  when 
completed,  to  evaluate  these  four  materials  relative  to  their  behavior  when 
subjected  to  the  riqors  of  topside  shipboard  exposure  (i.e.,  sun,  salt  water, 
cold,  traffic,  shock,  vibration,  etc.). 


RECCWtIEfOATIONS 


As  the  result  of  the  testing  proqram  described  herein,  it  is  evident 
that  there  is  too  little  difference  in  the  ablative  properties  of  41-N,  FR-1, 
or  KXB-360  to  warrant  recommending  any  one  of  the  three  materials  over  the 
other  two.  However,  because  of  resiliency  after  curing,  ease  and  cost  of 
application,  and  ease  of  repair,  FR-1  appears  to  be  the  most  promising  for 
the  solution  to  the  blast  impingement  problem  on  the  carriage  base  ring. 

On  the  basis  of  the  high  recession  rate  of  the  93-104  material  during  restrained 
and  flyaway  rocket  motor  bla^t,  it  would  rank  last  for  protection  of  the 
base  ring:  however,  resiliency  after  curing,  ease  and  cost  of  application, 
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and  ease  of  repair  factors  of  the  <» 3  —  1 0 4  material  placed  it  numlier  one  as 
a  recommendation  for  solving  the  reflective  energy  problem  on  the  back  end 
of  the  guide  and  the  aft  canister  closure  and  for  the  direct  blast  impingement 
on  the  forward  canister  closure. 

Two  samples  were  selected  for  flyaway  firing  tests:  FR-1  and  93-104. 

[figure  5  shows  a  Guided  Missile  LAU- 3A  Launcher  mounted  to  a  fixture  that  allows 
the  M'x  36  rocket  motor  (ballasted  to  simulate  the  RAM  missile)  to  achieve  free 
flight  in  simulation  of  a  launch  fr'»n  the  RAM  launcher.]  Each  sample  received 
the  blast  from  four  rocket  motors  at  four  different  angler.;  thus,  a  fair 
representation  of  flyaway  conditions  was  evaluated. 

The  93-104  material  sustained  rather  serious  recession  from  the  four 
blast  tests  (sw  page  A- 17).  Subsequent  examination  of  the  data  showed  that 
(1)  because  of  rocket  motor  nozzle  failure,  the  blast  erosion  was  not  as 
severe  as  it  would  have  been  i«  the  nozzles  had  not  failed  and  i2)  the  impact 
of  at  least  one  piece  of  rocket  motor  nozzle  caused  accelerated  recession 
in  local  areas  of  the  material. 

The  fR-1  material  , bowed  so  little  recession  after  each  of  the  four  shots 
that  no  measurements  were  taken;  however,  the  samples  were  weighed  after  each 
shot.  After  the  first  shot,  the  recession  weight  loss  was  less  than  the 
weiglt  gained  by  iejxisition  >f  Ai-,0>.  It  is  believed  that  because  Haveg  41-N, 
MX3-360,  and  FR-1  performed  similarly  during  the  restrained  rocket  motor  tests, 
they  would  also  perform  in  a  similar  fashion  during  flyaway  rocket  motor  tests. 
Consequent 1 y ,  the  flyaway  tests  were  not  duplicated  for  Haveg  41-N  and  MXB-360. 

The  followino  factor  were  considered  in  the  recommendation  of  the  FR- 
1  material: 

1.  After  curing,  the  FR-1  material  is  considerably  more  resilient  than 
either  41-N  or  MXB-160.  Thin  property  gives  it  a  better  capability 
to  withstand  accidental  impacts  of  tools,  loader  dollies,  loader  beams, 
etc . 


Note:  During  the  flyaway  test  series,  rocket  motors  with 

previously  fired  nozzles  were  used.  At  least  one 
nozzle  hr  ie  during  the  f i r 1 ng  series  and  a  piece 
of  the  nozzle  weighing  1-3  4  lh  impacted  the  FR-1 
material  causing  'r.  1  superficial  damage . 

2.  Although  41-N  and  MXH-360  must  lie  pressure  and  temperature  molded, 
FR-1  can  be  pot  mixed  and  troweled  in  place  with  no  special  tools  or 
special  tr  weling  technique.-.  Repairs  to  FR-1  can  fie  made  with  the 
same  mixing,  general  purpose  tools,  and  troweling  techniques. 

Note:  Because  of  the  simple  mixing  and  troweling  require¬ 

ments  for  application  of  FR-1,  the  following  procedure 
is  noted  as  a  possibility  for  application  of  the  FR-1 
material  to  the  base  ring  of  the  RAM  launcher: 
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a.  Spray  surface  to  be  protected  with  a  release  agent 

b.  Trowel  FR-1  on  to  the  desired  thickness 

c.  Allow  FR-1  to  cure  to  a  rubbery  consistency 

d.  Score  or  cut  though  the  FR-1  material  to  the  base  casting  into 
manageable-sized  sections 

e.  Allow  FR-1  to  cure  completely 

f.  Separate  cured  sections  from  base 

g.  Clean  release  agent  fran  base  and  sections 

h.  Apply  silicone  adhesive  to  casting 

i.  Place  sections  in  original  positions  and  weight  them  until 
adhesive  is  set 

j.  Remove  weights  and  fill  joints  between  sections  with  FR-1 
or  93-104 

This  application  technique,  which  has  been  discussed  with  the  Fiber 
Materials  representative,  provides  a  resilient  interface  between  the  base  ring 
casting  and  the  FR-1  to  allow  for  any  differential  movement  due  to  different 
coefficients  of  expansion  of  FR-1  and  the  aluminum  base  ring  casting.  The 
Fiber  Materials  representative  indicated  that  a  primer  could  be  developed  that 
would  increase  the  affinity  of  FR-1  to  aluminum;  however,  use  of  the  silicon 
adhesive  provides  a  much  better  bond  and  takes  care  of  the  differential  in 
expansion  coef f icients. 

There  is  little  doubt  that,  in  addition  to  blast  protection  for  LS  EX  43, 
the  same  type  of  protection  will  be  necessary  for  ship's  structure  and  ancillary 
gear  in  close  proximity  to  the  launcher.  This  is  especially  true  in  the  case 
of  the  Federal  Republic  of  Germany's  (FRG's)  Fast  Patrol  Boat  (FPB) .  Only 
general  information  is  available  relative  to  FRG's  F122  Frigate  and  FPB  class 
vessels.  Consequently,  no  specific  recommendations  will  be  made  in  this  report 
relative  to  shipboard  application.  It  is  considered  pertinent  to  indicate  that 
the  four  ablative  materials  subjected  to  the  final  series  of  tests  are,  in 
general,  the  best  in  their  class  of  those  tested  at  NSWC.  Therefore,  they 
should  be  likely  candidates  for  shipboard  application. 

A  sample  of  FR-2  was  tested  using  the  Mk  36  rocket  motor  at  a  1  ft  and  90° 
impingement.  So  other  firing  tests  were  run  against  the  FR-2  material.  The 
primary  difference  between  FR-1  and  FR-2  is  the  filler  material.  FR-1  contains 
silicon  fibers,  wherca3  FR-2  contains  carbon  fibers.  The  mass  loss  and  erosion 
depth  experienced  in  the  FR-2  sample  shows  an  appreciable  improvement  over  the 
FR-1  samples  tested.  However,  as  time  did  not  permit  additional  firing  tests 
of  the  FR-2  material,  a  firm  recommendation  for  this  material  cannot  be  made  at 
this  time.  It  is  believed  that  the  FR-2  material  is  better  than  the  FR-1  materia 
however,  additional  testing  will  be  required  to  substantiate  this  position. 

FR-2  is  about  9  lb/ft1  lighter  than  FR-1  and  is  somewhat  cheaper;  thus,  if  the 
additional  ablative  capability  is  desired,  further  testing  should  be  done. 

Material  cost  was  one  of  the  prime  factors  used  in  the  original  selection 
of  candidate  materials,  as  was  the  elimination  of  any  material  containing 
ashestos.  There  could  be  many  more  exotic  materials  and  same  containing 
asbestos  in  their  make-up;  however,  the  original  premise  established  in  the 
selection  of  the  candidate  materials  eliminated  those  from  the  competition. 


It  will  be  noted  that  two  samples  eontaininq  a  high  percentage  of  asbestos 
were  tested.  These  samples  wore  furnished  by  FRG,  but  are  not  recommended 
for  use  for  LS  EX  43.  The  results  of  these  tests  are  Included  In  the  body 
of  this  report  and,  in  general,  are  comparable  to  41-N,  FR-1,  and  MXB-360. 


NEW  MATERIALS 


The  materials  listed  below  have  been  brought  to  the  attention  of  the 
authors  by  Fiber  Materials  Inc.  (FMI).  No  testing  of  these  materials  has 
!>een  done  by  NSWC;  however,  if  the  claims  made  by  FMI  can  be  substantiated 
by  test,  consideration  could  be  given  to  their  use  in  reducing  the  effects 
of  rocket  motor  blast  in  many  areas  of  the  launcher,  ship,  and  ancillary 
gear  adjacent  to  the  launcher.  These  are  experimental  materials  that  should 
be  test  evaluated  before  introduction  into  the  RAM  program.  No  material 
search  has  been  conducted  to  look  for  competitive  or  similar  materials. 

1.  Fire  Retardant  Foam — This  material  can  be  made  in  practically  any 
density  from  1.8  to  2.8  lb/ft  '  and  would  probably  be  a  candidate  for 

a  filler  material  between  the  guide  tubes  and  forward  and  aft  canister 
closures.  Thi3  is  not  a  completely  closed  cell  material  and  as  such 
could  pickup  moisture  if  not  encapsulated  or  otherwise  sealed. 

2.  Fire  Retardant  Resin--This  is  the  same  resin  used  in  the  manufacture 
of  the  FR-1  ablative  material  and  can  be  used  to  paint  structural  material 
such  as  steel  or  aluminum.  It  would  probably  be  an  excellent  undercoat 
for  those  surfaces  on  the  launcher  not  protected  with  ablative  material, 
but  which  could  be  subjected  to  blast  splash.  Consideration  could 

be  given  to  use  of  this  material  on  the  back  end  of  the  guide  if  complete 
protection  from  a  restrained  rocket  motor  is  not  provided. 

This  same  f  'in  has  !>een  used  in  the  fabrication  of  laminated  composites 
by  FMI.  They  indicated  that  the  laminate  samples  shown  had  not  been  optimized 
for  strength,  but  they  were  sure  that  comparable  results  to  resins  now  in  use 
could  be  achieved  if  the  need  were  generated.  This  resin  could  probably  be 
used  to  advantage,  if  the  claims  can  be  supported,  in  the  layup  of  the  canister 
and  guide  structure. 
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Alexandria,  VA  22314  (12) 

Library  of  Conqress 
Washinqton,  IX'  20540 

ATTN:  Gift  and  Exchanqe  Division  (4) 


Loca 1 : 


F. 4 1 

G20 
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G53  (J.  D.  Hall) 

(3) 

N4 3  ( J .  B.  Henderson) 

(7) 

R22  (0.  M.  Denqel) 

(2) 

X210 

(2) 

X2101  (GIDEP) 

X21 1 

(2) 

